The authors analyze histologically verified cases of ependymoma and ependymoblastoma (malignant ependymoma) occurring in children in Connecticut from 1935 to 1973. Of the 488 central nervous system tumors diagnosed in that period, 44 (9%) of the 467 intracranial neoplasms and five (24%) of the 21 intraspinal tumors were of ependymal origin. An increase in the incidence of ependymomas was noted since the mid-1950's. The mean ages at diagnosis of ependymomas and ependymoblastomas were 5.6 and 5.0 years respectively. The male to female ratio was 0.6:1 for ependymomas and 1.7:1 for ependymoblastomas. Ependymomas were found above and below the tentorium with similar frequency; however, virtually all of the ependymoblastomas occurred supratentorially. Presenting symptoms and physical findings were reviewed. A significant difference (p < 0.05) was noted in the seizure rates of supratentorial ependymomas (9%) and ependymoblastomas (38%). A significantly increased survival (p < 0.05) was associated with supratentorial ependymal neoplasms relative to infratentorial from 42 months following diagnosis onward. Contrary to the reports of no clinical difference between ependymomas and ependymoblastomas, children with supratentorial ependymomas were noted to have a significantly longer survival (p < 0.05) than those with similarly situated ependymoblastomas, with the difference noted from 18 months following diagnosis onward. The children treated by operation and irradiation had a significantly greater survival (p < 0.05) than those treated by other methods; furthermore, with this treatment, longer survivals were noted in the ependymoma patients as compared to those with ependymoblastomas. This difference became significant (p < 0.05) at 27 months after diagnosis. Operative mortality decreased from 40% to 17% in the last decade of the study as compared to the previous decade. Steroid therapy may have contributed to this decreased operative mortality, but it had no statistically significant effect on length of survival. The clinical course of intracranial ependymal neoplasms in adults and children was compared and appeared to be essentially the same. (Table   1 ) and account for one-tenth of intracranial neoplasms of childhood ( Table 2 ). The presentation and clinical course of these childhood ependymal neoplasms are incompletely understood.
* Number of children not specified; includes choroid plexus papillomas.
t Includes choroid plexus papillomas. ~: Number of children not specified.
The purpose of this study is to analyze the cases of e p e n d y m o m a and ependymoblastoma that have occurred in children in Connecticut over a 39-year period. In this paper the term " e p e n d y m o b l a s t o m a " describes a poorly differentiated ependymoma. It is used synonymously with "malignant ependymoma" and is not limited as a term for a rare primitive type of glioma as has been reported by Rubinstein? 8
Materials and Methods
The Connecticut T u m o r Registry was searched for histologically verified cases of ependymoma or ependymoblastoma (malignant ependymoma) occurring in persons younger than 20 years of age in Connecticut over a 39-year period (1935 to 1973) . The Registry contains reports of diagnosed cancer patients in Connecticut and their complete follow-up? These cases were reviewed and in some instances the tumor was reclassified. The cases were analyzed by year of presentation, age at diagnosis, sex, location of tumor, presenting symptoms, physical findings, and survival relative to various methods of treatment.
Some authors include choroid plexus papillomas with the ependymal neoplasms and others do not. x4,2~176
In the present study these tumors are considered as separate and distinct entities relative to ependymomas and ependymoblastomas. The median rather than the mean survival was computed; it is a more accurate representation of the course of the disease, since a few children had a very long survival period and some were still alive at the time of this study. 6 The percentage of survival at 1, 2, and 5 years was calculated by standard life-table techniques, with correction of crude survival figures to account for children still alive who had been followed for less than 5 years? The statistical significance of the findings was determined using standard methods for comparing two proportions?
Results
From 1935 to 1973, 488 histologically verified central nervous system (CNS) neoplasms were diagnosed in Connecticut children. Of these, 467 were intracranial and 21 were intraspinal. A total of 49 ependymomas and ependymoblastomas were found (10% of CNS neoplasms): 44 occurred in the brain (9% of intracranial tumors) and five in the spinal cord (24% of intraspinal tumors). Twenty-eight ependymomas occurred in the brain and five in the spinal cord, whereas all of the 16 ependymoblastomas were found in the brain (Table 3) 10 of the 44 children with intracranial tumors, and all of the children with intraspinal neoplasms, were alive.
Incidence
After the mid-1950's the incidence of ependymal neoplasms increased relative to that noted for the previous decades (Fig. 1) . Much of the increase can be accounted for by the appearance of more ependymomas since that time.
A g e
The mean age of children at diagnosis of intracranial ependymomas and ependymoblastomas was 5.4 years, with a range from less than 1 year to 19 years (Fig. 2 left; Table 3 ). A peak occurred at age 1 and 43% of the cases were in children 2 years of age or younger. Ependymomas occurred at a mean age of 5.6 years, with a high concentration in the first 2 years of life. The mean age of children with ependymoblastoma was 5.0 years. The distribution of age at diagnosis was similar for the two types of tumor ( Fig. 2 right, Table 3 ). Supratentorial ependymomas and ependymoblastomas occurred at a younger mean age (4.2 years) than infratentorial tumors (6.5 years). Older children were affected by intraspinal tumors; the mean age was 12.2 years ( Fig. 3 ; Table 3 ).
S e x
The overall male to female ratio for intracranial ependymal tumors was 0.8:1, varying from 0.6:1 a m o n g ependymomas to 1.7:1 among ependymoblastomas. However, a clear male predominance was seen in supra- * Excluding "tumors" such as abscesses, tuberculomas, parasite inclusions, aneurysms, and arteriovenous malformations.
t Supratentorial neop!asms only. :~ Unable to determine from classification system how many ependymomas in series.
w Age range for children not given.
tentorial tumors of all types (1.4:1 overall; 1.2:1 in ependymomas; 1.6:1 in ependymoblastomas). A m o n g the children with intraspinal neoplasms the male to female ratio was 0.7:1 (Table 3) .
FIG. 2. Left."
Graph showing incidence of intracranial ependymoma and ependymoblastoma in children. Half of the cases occurred before the age of 5 years, with a peak incidence at 1 year. Right: Graph showing that the distribution of age at diagnosis is similar for ependymoma and ependymoblastoma. 
Location
Twenty-four intracranial tumors were located above the tentorium and 20 below. Of the 28 ependymomas, 11 (39%) were supratentorial and 17 (61%) were infratentorial. Of the 16 ependymoblastomas, 13 (81%) were supratentorial and three (19%) infratentorial. Three of the five intraspinal ependymomas were in the lumbar spinal cord and two in the filum terminale.
Symptoms and Physical Findings
Presenting symptoms are shown in Table 4 . The most frequently noted physical findings are shown in Table 5 . Most ependymomas were infratentorial and these were characterized by ataxia (80%), lethargy (47%), papilledema (40%), and dysmetria (40%). Virtually all ependymoblastomas occurred above the tentorium and their major physical findings were papilledema (62%), cranial nerve palsies (46%), lethargy (38%), and paresis (38%).
Survival
The median survival for all intracranial ependymal tumors was 12 months. Survival for 1 and 2 years was 51% and 37% respectively; 5-year survival was 18% (Fig. 4 upper, Table 3 ). The median survival was 19 months for ependymoma, and 10 months for ependymoblastoma. Five-year survival with ependymoma was 28%, while 5-year survival with ependymoblastoma was 15% (Table 3 , Fig. 4  lower) .
Survival according to site of the lesion is shown in Fig. 5 . The survival curves are comparable through the first 3 years; from 42 months onward supratentorial tumors showed a significantly (p < 0.05) increased The longest survivals in the ependymoma and ependymoblastoma group were noted in those children who received both operation and radiation therapy (median survival: 39 months). A median survival of 50 months was noted with this treatment for supratentorial tumors, and 31 months for infratentorial tumors ( Table 6 ). The children with either supratentorial or infratentorial ependymal neoplasms treated by both operation and irradiation had significantly (p < 0.05) longer survivals than those treated by operation alone. Those with ependymomas had an overall median survival of 47 months if treated with operation and irradiation and had 1-, 2-, and 5-year survivals of 81%, 71%, and 21% (Table 7) . Those with ependymoblastoma treated with operation and irradiation had an overall median survival of 15 months with 67%, 44%, and 15% survivals at 1, 2, and 5 years respectively (Table 8) . From 27 months after diagnosis, patients with ependymomas treated by both operation and radiation therapy had significantly (p < 0.05) longer survivals than those with ependymoblastomas.
Discussion
Ependymomas are neoplasms that arise from differentiated ependymal cells? 4 The neoplastic cells are noted to form either "rosettes," a circle of cells arranged around a central lumen, or groups of cells with a less regular arrangement. Blepharoplasts, the basal bodies of cilia as demonstrated by phosphotungstic acid-hematoxylin staining, are characteristic of ependymomas but occasionally may be difficult to find? ,45 A less well differentiated ependymoma has been referred to as "ependymoblastoma," "malignant ependymoma," or "ependymoma Grade III or IV. ' '5,17,25,26,a6 ,aT,~2 Certain investigators 2~ believe that choroid plexus papillomas should be included in the ependymoma group while we and others '4,s~ do not.
Ependymomas and ependymoblastomas constituted 9.4% of the intracranial neoplasms of children in this series? e This finding is in agreement with that noted in the analysis of large series of intracranial neoplasms in children (Table 2) .
Incidence
The reason for the increased incidence of ependymoma relative to ependymoblastoma from the mid-1950's to the present is not clear. It is tempting to speculate that the children were exposed to polio vaccine that had been contaminated by SV40, 21 a virus that causes ependymal neoplasms in experimental animals. TM However, a preliminary assessment of the data apropos of the possible exposure of Connecticut children to the contaminated vaccine does not appear to support this speculation.
Age and Sex
The peak occurrence of ependymoma and ependymoblastoma was at the age of 1 year. This is earlier than the 2-to 5-year peak reported by Koos and Miller) 9 The fact that supratentorial ependymal neoplasms occurred at a younger mean age than those located infratentorially has not been reported in other series. 17, 42, 47 A male predominance has been reported for childhood ependymal tumors; 29 however, the overall male to female ratio in this series is approximately equal, with a female preponderance in ependymomas and a male prepon- 
Location
More ependymomas and ependymoblastomas were located above the tentorium than below. In the series of Matson 37 the opposite was described; however, he did not specify how many ependymomas and how many ependymoblastomas were in each location. Most ependymoblastomas occur supratentorially while ependymomas occur with a similar frequency above or below the tentorium. Perhaps the differences between this series and that of Matson 37 could be explained by a greater number of ependymoblastomas in the present series. Supratentorial ependymal neoplasms are located with equal frequency in the frontal and parietal lobes while infratentorial tumors usually occupy the fourth ventricle? 9
Symptoms
Presenting symptoms were related to the location of the neoplasm rather than its histological type. The common symptoms in all patients were related mainly to increased intracranial pressure. Local involvement served to differentiate the two tumor locations: paresis and seizures predominated in the supratentorial group, and ataxia and meningismus in the infratentorial group.
In a study of the incidence of seizures relative to the histology of supratentorial neoplasms in children, Backus and Millichap 2 reported that of patients with ependymal tumors, 30% had seizures. No separation into ependymomas and ependymoblastomas was made in that study. In the present series, the rate of seizures in supratentorial ependymomas and ependymoblastomas was 25%. The rate of seizures varied relative to the histopathology of the neoplasm. It is interesting that supratentorial ependymoblastomas had a seizure rate of over four times that of supratentorial ependymomas (significantly different with p < 0.05). The reason for this is unclear since more slowly growing intracranial neoplasms have the highest rate of seizures? Perhaps a greater number of ependymoblastomas spread to involve cortical structures with the consequent production of seizures.
Physical Findings
Surprisingly, more of the patients with supratentorial ependymomas and ependymoblastomas presented with ataxia and papilledema than did those with infratentorial tumors. Perhaps this was secondary to obstructive hydrocephalus with ataxia related to dilatation of the frontal horns of the lateral ventricles. Paresis and cranial nerve palsies were more often noted with supratentorial neoplasms. This may well have been due to the mass effect of the neoplasm rather than local involvement of specific neural elements.
Survival
It has been reported that there is no clinical difference between ependymomas and ependymoblastomas? ,17 This study shows that this is clearly not the case in children. Patients with supratentorial ependymomas statistically have a significantly longer survival than those with ependymoblastomas; this difference is manifest by 18 months following diagnosis. In the patients with the longest survivals (those treated by both operation and irradiation), the patients with ependymomas dymoblastomas in this study appeared to have no statistically significant effect on length of survival. However, steroid therapy or improved operative technique or both probably contributed to the significant decrease in the operative mortality in the last decade of the study.
A comparison of Ringertz and Reymond's operative series of ependymal neoplasms in adults 42 with our study in children is shown in Table 9 . As there is no statistically significant difference between the survival rates, the clinical course of ependymal tumors in adults and children appears to be virtually the same. Another example of the biological activity of the tumor relating to histological type rather than the age of the patient occurs with glioblastoma multiforme. Just as in ependymal neoplasms, the clinical course of glioblastoma multiforme is essentially the same in adults as in children? 5
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had significantly longer survivals statistically than ependymoblastoma patients. This difference was noted from 27 months after diagnosis onward. The less differentiated and more invasive ependymal neoplasm, the ependymoblastoma, is associated with a shorter survival than is the ependymoma. Therefore, at least in children, the histopathology of ependymal neoplasms appears to correlate with the clinical behavior of the tumor.
The median survival of the children treated by operation is quite low compared to that of those treated by both operation and radiation therapy. This is probably due to the fact that the children who died in the early postoperative period did not receive radiation therapy, while those whose postoperative condition permitted it did.
It has been suggested that the responsiveness of ependymal tumors to irradiation is better in younger children and the lowest recurrence rate has been associated with high dosage ( > 4500 rads) radiation therapy? 7 In the series of Shuman, et al., 47 nonirradiated ependymal neoplasms always recurred.
In adults and children the advent of steroids in the treatment of brain tumors has improved survival rates. 15,22,37 Surprisingly, steroid therapy of ependymomas and epen-
